ABSTRACT -The physiological quality is based on the genotype and may be accompanied since the first stages of selection through the study of genetic diversity. The purpose of this study was to evaluate the parental genetic contribution in the seed physiological quality in corn intervarietal crossbreeds. The intervarietal crossbreeds were performed using landraces genotypes, open pollinated varieties and commercial hybrids. The seeds obtained from the crossbreed, their equivalents and parentals were evaluated regarding their water percentage, germination, germination speed rate, accelerated aging, field emergence and electrical conductivity. The seeds obtained in the crossbreed are viable and vivid with heterosis when compared with the parentals. The accelerated aging test was more effective for selecting the strongest genotypes. The canonical variables were useful to group the genotypes that presented similar physiological characteristics. The genotypes MPA 01 x Pixurum 05, MPA 01 x AS1565, MPA 01 x SJC5886, SJC5886 x Pixurum 05 and Fundacep 35 x SCS 154 Fortuna were the best crossbreeds regarding the production of better physiological quality seeds. 
Introduction
The competitiveness in the seed sector has led the producing companies to invest and adopt higher quality standards for seeds. The main effect expected regarding the genetic improvement is a productivity increase (Gomes et al., 2000) ; however, the heterosis basis for the seeds quality is also an important factor. The seeds quality may be defined as the sum of genetic, physical, physiologic and sanitary attributes that affect the seed capacity to perform vital functions, being related to germination, vigor and longevity (Moterle et al., 2011) . The contribution of genetic attributes to the seeds quality requires further studies.
The physiological quality is based on the genotype, and may be accompanied from the first stages of selection, obtained with tests of viability and vigor during the genetic improvement process (Marcos-Filho, 1999) . Despite the obvious effect of the environment over the seeds quality, the maximum quality potential, such as seedling germination, emergence and vigor, is genetically controlled (Prete and Guerra, 1999) and may be handled exploring the genetic variance of a species or lineages in the crossbreeding process (Gondim et al., 2006) .
The few reports about the genetic effects related to the seeds quality show that it is possible to obtain genetic gain. According to Gomes et al. (2000) , the germination and vigor results indicated the hybrids are superior to the lineages regarding the physiological quality. Reis et al. (2011) , in a research with 14 sweet corn genotypes, observed the effects of heterosis in the seeds quality, that is, the hybrid seeds presented heterosis variation from 4,39% to 15,62% for the germination percentage and a heterosis variation from -27,5% to 16,67% for the vigor comparing with the parental. Despite this variation, it is possible to obtain high vigor seeds and a better performance for the seedling emergence consistency under field conditions (Pereira et al., 2008) . Mertz et al. (2009) state that the physiological quality characteristics of soy seeds are genetically inherited from its parentals, thus, different varieties of one species may present variation of vigor, germination and field emergence.
The seeds quality may be verified in advance, based on the genetic difference between the parentals, which may be foreseen based on agronomic, morphologic, nutritional quality, physiologic and molecular characteristics. The dissimilarity among such characteristics is measured by multivariate analysis techniques, which enables to express the genetic diversity degree between the parentals analyzed (Cruz et al., 2004) .
Due to the fact there are few researches that evaluate the genetic contribution in the physiological quality of corn seeds, and due to the great genetic diversity observed in landrace and open pollination varieties, the purpose of this study was to evaluate the genetic contribution of parentals in the physiological quality of seeds obtained by intervarietal crossbreed between landrace genotypes, open pollination varieties and corn hybrids.
Material and Methods
The seeds production field was settled on an experimental unit experiment from Oestebio Cooperative in São Miguel do Oeste/SC and the physiological analyses were held in the Laboratory of Seed Testing at University of Santa Catarina. The 28 processes evaluated were composed by: 8 parentals: a simple conventional hybrid (AS 1565), four varieties of open pollination (SCS 155 Catarina, SCS 154 Fortuna, Fundacep 35 and BRS 4150) and three landraces varieties (Pixurum 05, MPA 01 and SJC 5886), 10 intervarietal and their equivalents (Table 1) . A forced pollination was executed; the pollen collection and fertilization were made on the same day; for the pest control, chemical methods such as desiccants were used. For the planting, organic fertilizing was used and nitrogen was applied in accordance with the recommendation for each species. The samples used to evaluate the physiological quality of the first generation seeds (F1) in relation to their parentals have been obtained at the point of harvest. The corn-cobs were manually husked; the seeds were dried in the shade until they reached a moisture level of approximately 13%. A representative sample of seeds (about 1 kg) from each parental and from the first generation (F1) was reduced in the laboratory in order to obtain the working sample. The working sample was obtained by the passage of seeds through a Gamet type homogenizer in order to get four replications of approximately 250 g. These four replications were used to perform all the physiological quality tests (Coelho et al., 2010) , except for the seed moisture content, performed with two replications, in accordance with the Rules for Seed Testing (Brasil, 2009) . After that, the samples were stored in a dry chamber (8 °C; 50% relative humidity) until the moment of analysis.
Germination: eight replications of 50 seeds were placed on germitest paper that was previously dampened with distilled water. After the sowing, the paper rolls were put in a germinator at 25 ºC. The first counting was done on the fifth day and the final counting was after seven days (Brasil, 2009) , establishing normal seedlings percentage.
Germination Speed Rate: the germinated seeds were counted daily starting on the fourth day after the sowing, considering the normal seedlings. Afterwards, the germination speed index was established with the expression proposed by (Edmond and Drapala, 1958) :
Where: GS: number of days for the germination; N1: number of days for the first evaluation; G1: number of germinated seeds in the first evaluation; Nn: number of days remaining for the last evaluation; Gn: number of germinated seeds in the last evaluation.
Electrical Conductivity: replications of 50 seeds, with known weight, were placed on 75 mL plastic cups filled with distilled water and taken to the germinator at 25 ºC. The electrical conductivity readings were taken after 10 hours by a portable conductivity meter, model MB-11P-Marte. The conductivity value in μS.cm -1 was divided by the initial weight of seeds obtained at each replication and the average values were calculated and expressed in μS.cm -1 .g -1 of seed (Vieira and Carvalho, 1994) .
Field Emergence: this test was conducted in São Miguel do Oeste/SC. The experimental design was made in randomized blocks, adding up to 28 treatments, with four replications of 50 seeds. The seeds were sowed in 4 m long furrows, with approximately 2 m of depth and the space between furrows was 0.4 m. The seedling counting took place 14 days after the sowing, having the results expressed in percentage (Nakagawa, 1994) .
Accelerated Aging: the seeds were places on stainless steel Screen, in 'gerbox' with 40 mL of distilled water. The boxes were kept in B.O.D. at 45 ºC for 72 h (Marcos-Filho, 2005) and, after this aging period, the seeds were put to germinate, and the normal seedlings were evaluated five days after the sowing, according to Brasil (2009) .
The heterosis estimates (%), comparing each crossbreed with the parentals average, was calculated by the expression: Heterosis (%) = Hybrid average -Parentals average x100 Parentals average
The results obtained as percentage values were converted to sine arc √% and later, a variance analysis and a Scott Knott test were made to separate the averages and establish a comparison between the parentals and crossbreed combinations. The genetic diversity was estimated by the general distance of Mahalanobis (D²), after that, the grouping analyses were performed, having the Singh method (1981) and the canonical variables as criteria, respectively, represented in scatter plot. The data were analyzed by the Genes program (Cruz, 2006) .
Results and Discussion
There was a relevant difference for all the variables analyzed. The germination percentage for genotypes and crossbreeding was, at least, 90%. Among the parentals, four genotypes presented 98% of germination: 1, 2, 6 e 8, being superior to the others. The highest percentage was found in the seeds that resulted from crossbreed 19 (99%) ( Table 2) .
The heterosis regarding the parentals average, for the germination test, ranged from -8,16% (crossbreed 9) to 5,32% (crossbreed 19). This result, as well as other studies, shows there is heterosis for germination. Gomes et al. (2000) , when working with corn, obtained heterosis estimated that vary from -6,3% a 8,4%. However, it is different from results obtained by Reis et al. (2011) , who observed a higher heterosis in the evaluation of 14 sweet corn genotypes, with variation of 4,39% and 15,62%. The results presented in this study indicate the possibility of obtaining hybrid seeds with excellent physiological quality.
Despite the heterosis estimate for crossbreed 13 being negative (-2,13%), for the respective equivalent, the heterosis estimate was positive (2,13%). The equivalent effect must also be considered, and it was noted on crossbreed 17 and crossbreed 25 (Table 2 ). These results suggest that choosing between female and male parentals is extremely important for obtaining viable seeds. These results confirm the other studies that evaluated the role of heterosis on the seeds quality and observed the effect of equivalent crossbreed. Gomes et al. (2000) evaluated the effect of heterosis in the seeds quality of 30 corn crossbreeds and observed the effect in 6 equivalent crossbreeds evaluated; the parentals of the crossbreeds were chosen to produce the hybrid corn seeds, in order to obtain high germination potential seeds.
In the field emergence test, the genotypes used as parentals presented variation in the emergence percentage between 88% and 97%. Among the crossbreeds, the emergence percentage ranged from 82% to 96%, however, there was no relevant difference between the crossbreeds. When comparing the field emergence test and the laboratory emergence, it is possible to note that 15 genotypes (4, 9, 12, 13, 15, 17, 18, 19, 21, 22, 23, 24, 26, 27 and 28) presented similar behavior in both tests (Table 2 ). This result shows the influence of genotypes in the seeds vigor (Marcos-Filho, 1999) . The genotypes 3 and 7, which presented higher field emergence percentage in relation with the laboratory germination, evidenced that the genetic diversity is an advantage in the unfavorable conditions of the field environment.
Regarding the germination speed index, there was no relevant difference among the genotypes (GS 3,8 to 3,9 days). Thus, the GS was not used as a discriminating parameter in the genotypes selection, but it was considered a determining factor for establishing the field cultivation.
For the electrical conductivity it was possible to observe that the parentals MPA 01 and SJC 5886 presented the lower values, 3,12 µS.cm -1 .g -1 e 3,26 µS.cm -1 .g -1 , respectively. Among the crossbreeds, four genotypes (9, 10, 15 and 20) presented lower values of electrical conductivity. The frequent occurrence of leachate may be related with the climate condition during the seeds development. During the maturation period, the seeds were exposed to very little rain, which may have affected the transfer of dry matter to the seeds and compromised the integrity of the cell membranes and the deposition of reserves (Ávila and Albrecht, 2010 ). However, it was possible to note the four crossbreeds (9, 10, 15 and 20) that provided greater integrity for the cell membranes were composed by landrace genotypes.
The heterosis estimates for electrical conductivity range from -28,84% to +55,70%. The seeds obtained by the crossbreeds were expected to present negative heterosis due to the fact they were more vivid, however, ten genotypes (11, 12, 13, 14, 16, 18, 19, 23, 24 and 26) presented positive estimates, indicating that the crossbreeds had a poorer performance when compared with their parentals.
On the accelerated aging test, relevant differences of vigor among the parentals, crossbreeds and equivalents were observed. The parentals 5 and 7 presented higher germination values, 91% and 90%, respectively. Among the crossbreeds, number 20 presented 95% of germination on this test. The parental that showed to be less tolerant to this test was hybrid AS 1565 and among the crossbreeds, it was number 26, both with 79% of germination.
According to the results, 14 genotypes (5, 7, 9, 10, 11, 13, 14, 15, 17, 20, 22, 23, 24 and 27) presented seeds with more than 90% of germination on the test, indicating that these seeds are more vigorous and that the genotypes are more likely to endure the storage. These results confirm the percentages obtained by Miranda et al. (2003) , whose values range from 62% to 98% in different populations of landrace corn, and by Gomes et al. (2000) , who obtained percentages from 78% to 98% in corn crossbreeds. However, in commercial hybrid varieties, the percentage ranged from 81% to 47% (Bittencourt et al., 2012) . Such results suggest the genotype may have some influence on the tolerance to stress caused by the accelerated aging.
The heterosis variation range, for the accelerated aging test, was from -7,22% to +12,39%. It was possible to observe the germination of crossbreed seeds, within the test conditions, was higher than their parental, indicating heterosis effect (Table 3 ). The heterosis effect for accelerated aging was also observed by Gomes et al. (2000) , indicating that the crossbreed seeds are more vigorous and, consequently, are more resistant to storage than their parentals. Singh's method (1981) was used to evaluate the relative importance of the six physiological variables in the genetic divergence. The results of vigor by the accelerated aging presented a higher contribution (66,66%), followed by germination (18,41%) and the germination speed (10,04%) (Figure 1 Thus, it is possible to state there is a need to perform physiological quality tests in the seeds in order to establish the genetic potential for germination and vigor. In the present study, the accelerated aging test was the best option to discriminate the difference among genotypes. Moreover, the divergence and genetic relations studies regarding physiological quality support the selection strategies, aiming at the physiological quality of seeds (Cardoso et al., 2009) .
The grouping analysis of 28 treatments, based on the genetic differences and considering six characteristics related to the seeds quality, enabled the creation of 11 groups (Table 4) .
By analyzing the variables contribution for the genetic diversity, it was possible to note that group VI genotypes had more physiological response than the others, that is, germination (96%), GS (3,61 days), electrical conductivity (4,11 µS.cm
, accelerated aging (86,1%) and field emergence (91,8%), and did not present relevant variations among them regarding the germination on the accelerated aging test (most contributing variable for diversity). Group VI presented similarities in the crossbreeds' composition, which confirms the statement of Santos et al. (2012) , who said genotypes from the same group are genetically similar and their combinations may cause inferior variability when compared with the other groups. Yet, the differences observed among the groups were not big, indicating, therefore, other means to analyze the results (Table 5) . The first two canonical variables enabled the explanation of 86,9% of the variation (Figure 2 ). Five groups were created based on the canonical variables. The relative importance of each characteristic in the canonic variables (Figure 1 ) enables the classification of genotypes in accordance with their performance on accelerated aging, germination, GS, electrical conductivity and field emergence tests.
Group I was composed by genotypes 9, 11, 13, 20 and 23, which presented the following medians: accelerated aging 94%, germination 92%, GS 4,00 days, electrical conductivity 3,69 µS.cm -1 .g -1 , and field emergence 88%. Group II is composed by 19 genotypes, whose means were: accelerated aging 89%, germination 95%, GS 3,9 days, electrical conductivity 4,04 µS. Table 1 .
Based on such results, the use of canonical variables was the best option to discriminate the genotypes regarding the physiological quality. Also, Group 1 genotypes presented the best performance. The 19 genotypes of Group II, along with Group III, presented intermediate characteristics. Groups IV and V presented low performance on the variables considered. The canonical variables were important to show the genetic difference of the genotypes. The genotypes belonging to Group I (9, 11, 13, 20, 23) are indicated as the best crossbreeds for the production of great physiological quality seeds.
Conclusions
The crossbreed seeds are viable and vigorous and present heterosis when compared to their parentals. The existence of the equivalent effect shows there must be attention at the moment of choosing the parental in order to obtain better physiological quality seeds.
The accelerated aging test proved to be the best option to specify the genetic diversity (66,66%), being considered important to discriminate the genotypic potential.
The canonical variables were efficient for grouping genotypes with similar physiological characteristics. Genotypes 9 (MPA 01 x Pixurum 05), 11 (MPA 01 x AS 1565), 13 (MPA 01 x SJC 5886), 20 (SJC 5886 x Pixurum 05) and 23 (Fundacep 35 x SCS 154 Fortuna) produced seeds with the best physiological quality.
